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ABSTRACT
GILL, J. M. R., N. S. A. HAWARI, D. J. MAXWELL, D. LOUDEN, N. MOURSELAS, C. BUNN, C. M. GRAY, H. P. VANDER PLOEG,
K. HUNT, A. MARTIN, S. WYKE, and N. MUTRIE. Validation of a Novel Device toMeasure and Provide Feedback on Sedentary Behavior.
Med. Sci. Sports Exerc., Vol. 50, No. 3, pp. 525–532, 2018. Purpose: Pedometers, which enable self-monitoring of step counts, are effective in
facilitating increases in physical activity. Similar devices which provide real-time feedback on sedentary (sitting) behavior are limited. This
study aimed to develop and validate a novel device—the SitFIT—which could accurately measure and provide feedback on sedentary behavior
and physical activity. Methods: The SitFIT is a triaxial accelerometer, developed by PAL Technologies, which is worn in the front trouser
pocket. This enables tracking of thigh inclination and therefore differentiation between sitting and upright postures, as well as tracking
of step count. It has a display to provide user feedback. To determine the validity of the SitFIT for measuring sedentary behavior and
step counts, 21 men, age 30 to 65 yr, with body mass index 26.6 T 3.9 kgImj2 wore a SitFIT in a front trouser pocket and an activPAL
accelerometer attached to their thigh for up to 7 d. Outputs from the SitFIT were compared with the activPAL, which was assumed to
provide criterion standard measurements of sitting and step counts. Results: Mean step counts were approximately 4% lower with the
SitFIT than activPAL, with correlation between the two methods being very high (r = 0.98) and no obvious bias from the line of equality
(regression line, y = 1.0035x + 418.35). Mean sedentary time was approximately 5% higher with the SitFIT than activPAL, correlation
between methods was high (r = 0.84), and the equation of the regression line was close to the line of equality (y = 0.8728x + 38.445).
Conclusions: The SitFIT has excellent validity for measurement of free-living step counts and sedentary time and therefore
addresses a clear need for a device that can be used as a tool to provide feedback on sedentary behavior to facilitate behavior
change. Key Words: SEDENTARY, SITTING, OBJECTIVE MEASUREMENT, VALIDATION, BEHAVIOR CHANGE
S
edentary behavior has been defined as waking activ-
ities in a sitting, reclining or lying posture with energy
expenditure e1.5 METs (where 1 MET is resting energy
expenditure) (1). Existing research, from both observational
and experimental studies, demonstrate that high levels of
sedentary behavior are associated with a range of adverse
health outcomes including mortality, cardiovascular disease,
type 2 diabetes and obesity (2–8), and that interventions which
reduce sedentary behavior can induce positive changes to
markers of health and disease risk (9–15). However, effective
intervention tools to facilitate reductions in sedentary behavior
are currently limited (16).
A considerable body of evidence from randomized
controlled trials has shown that pedometer-based
interventions—which enable individuals to self-monitor their
physical activity level (i.e., steps taken per day), set physical
activity targets and provide real-time feedback of progress
toward their goal—are effective for increasing physical ac-
tivity, and improving health outcomes in a range of population
groups (17–19). Pedometers are also highly valued for self-
monitoring by those taking part in behavioral interventions
(20). There are a plethora of devices available which build on
the pedometer to provide feedback of a number of indices of
physical activity measurement, such as steps, distance trav-
elled, and energy expenditure (21). However, consumer
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devices to enable the self-monitoring of free-living seden-
tary behavior are more limited, with the majority of devices
using an acceleration-based, rather than posture-based,
approach to estimate time spent sedentary (21,22). Thus,
most currently available devices cannot distinguish between
sitting and quiet standing, so cannot be used as a self-
monitoring tool in interventions aiming to reduce time spent
sitting. A small number of devices are available that use
pressure sensors in a sock or shoe to determine standing or a
pressure sensor on a chair to determine sitting (on a particular
chair) (21), and one device worn on the lower back using an
elasticated belt (originally developed to monitor posture) has
also been used to monitor time spent sitting (21,22). Thus,
devices available to monitor and provide feedback on time
spent sitting under free-living conditions throughout the day
are limited, and there is a clear need to develop and validate a
device for the self-monitoring of sitting behavior, preferably
in combination with step counts to target both physical activity
and sedentary behavior with a single device.
The European Fans in Training (EuroFIT) study is a large-
scale randomised controlled trial aiming to increase physical
activity and reduce sedentary behavior over 12 months in
middle-age male fans of football (soccer) clubs in England,
The Netherlands, Norway and Portugal (23). To facilitate self-
monitoring of physical activity and sedentary behavior in the
EuroFIT trial (and future studies), we aimed to develop and
validate a novel low-cost pocket-worn device with an inte-
grated display—called the SitFIT—which could measure
daily sedentary behavior and physical activity accurately, and
provide real-time feedback to enable prompts for and self-
monitoring of behavior change for both. This article describes
the development of the SitFIT and the determination of its
criterion validity (compared with the ActivPAL) for measure-
ment of steps and sedentary time in a sample of adult males.
METHODS
Development of the SitFIT. The SitFIT is a triaxial
accelerometer developed by PAL Technologies, which uses
static and dynamic accelerations in the three orthogonal axes
to calculate wear (and non-wear) time, posture allocation (upright
or sedentary), transportation, and stepping. It has been designed
to be worn in the front trouser pocket to enable the device
orientation to track the inclination of the thigh allowing de-
tection of sitting/lying and upright postures by assessment of
the axes through which gravitational acceleration is detected
(Fig. 1). This is the same concept underpinning the activPAL
activity monitor (PAL Technologies, Glasgow, UK), a small
triaxial accelerometer affixed to the front of the thigh, which is
regarded as a criterion standard device for the measurement of
free-living sitting behavior (in addition to its measurement of
physical activity) because its thigh-based position is optimal
for distinguishing between sitting and upright postures (24,25).
However, because the activPAL is affixed to the thigh under
clothing, it is not readily accessible; this, together with its lack
of a display to provide feedback, makes it unsuitable for
providing real-time feedback on sedentary behavior during
everyday activities. The front trouser pocket location of the
SitFIT tracks thigh inclination but provides the advantage of
providing easy access for the user to enable provision of
feedback. The pocket is also more likely to be acceptable for
daily long-term wear than attachment to the thigh via a sur-
gical dressing. Unlike the activPAL which has no facility to
provide feedback on a screen on the device, the SitFIT was
designed with a display to provide real-time visual feedback
of stepping and sedentary/upright behaviors, a vibrotactile
actuator to provide customisable haptic feedback of time spent
sitting, and a Bluetooth SMART module to enable commu-
nication with external devices, such as smartphones, tablets,
and PCs. The key characteristics of the ActivPAL and SitFIT
are shown in Table 1.
Also, unlike the activPAL, which is held in a fixed ori-
entation on the thigh, the SitFIT can move in the trouser
pocket, thus changing its orientation relative to the thigh. To
overcome this, algorithms were developed by PAL Technol-
ogies to allow the device to be carried at random orientations
in the pocket and to rotate during use. The SitFIT produces
outcomes that are mainly based on the device_s ability to count
steps and to determine the wearer_s posture from its trouser
pocket location. The SitFIT counts steps using all three (X,Y,Z)
axes of space accelerations, with the step counting algorithm
samplings each of the three axes separately 10 times every
FIGURE 1—The pocket-worn SitFIT device during sitting, standing and stepping activities. The SitFIT tracks the orientation of the upper thigh, so
changes orientation when posture changes from sitting to upright. The display provides real-time feedback of sitting (or upright) time and of step count.
http://www.acsm-msse.org526 Official Journal of the American College of Sports Medicine
A
PP
LI
ED
SC
IE
N
C
ES
second. The algorithm looks for a swing leg phase expressed
as a relative smooth variation of the axis acceleration value,
followed by a sharp acceleration change attributed to heel
strike. Depending on device orientation in the pocket, any axis
can be dominant, hence the step count algorithm looks for all
combinations of swing-heel strike patterns over three axes and
their inversions. The count of steps is the sum of the steps
counted across all axes, meaning that steps from all three axes
are added but the same step is not counted more than once. A
time-based filter is applied to cut off high frequency noise in
the step counting arising from the device_s free movement
inside the pocket that would otherwise produce extra step
counts; practically, a refractory period is created between
steps, preventing erroneous reporting of high frequency
stepping. An automatic gain control feature is implemented
based on interstep intervals that make the algorithm more
sensitive during slow stepping. Additionally, there is a maxi-
mum period between two successive heel strikes that can lead
to the registration of a step. Beyond this maximum, period step
signals are regarded as individual noise bursts and do not
contribute to step counting.
The determination of posture from a randomly placed device
in the pocket is a greater challenge than step counting. The
posture estimation algorithm uses containers (i.e., periods where
activity is of a single class) of upright, sedentary, transport and
non-wear using historical and future criteria to set the limits for
the sequential containers. The criteria used to characterise a
container are: (a) the presence of steps, (b) high-frequency low-
level background noise, (c) sporadic noise bursts, (d) a combi-
nation of changes to the static accelerations of the three axes. The
highest weighted criterion to identify the upright container is the
existence of steps. The algorithm identifies a container as upright
when there are steps within it, and tracks back in time until the
last sufficient change in static accelerations is found to indicate
the change in posture. A prolonged period without significant
dynamic accelerations is weighted towards a sedentary con-
tainer. Any significant dynamic acceleration or stepping resets
the weighting. A prolonged period totally without dynamic
accelerations, after an identified sedentary period, weighs to-
wards a non-wear container. Persistent, high-frequency, low-
level dynamic accelerations without stepping are weighted
toward a transport container. Sporadic noise bursts that do not
FIGURE 2—Flow diagram illustrating the algorithm for decision-rules used by the SitFIT to determine posture allocation.
TABLE 1. Characteristics of the ActivPAL and SitFIT.
ActivPAL SitFIT
Worn on front of thigh Worn in front trouser pocket
Attached firmly using a surgical dressing Free to move in pocket
Fixed orientation relative to thigh Random orientation relative to thigh
Worn 24 hIdj1 Worn during waking hours, removed at night
Data on sedentary behavior or step count provided to the researcher
via download to PC at the end of monitoring period
Screen to provide real-time feedback to user on sedentary
behavior and step count (data also stored on device and
is downloadable)
Provides criterion standard measurement of sedentary (and stepping)
behavior for use in research studies
To be used as a tool to facilitate sedentary and physical activity
behavior change in interventions
Provides 1–2 wk snapshots of sedentary and stepping behavior
to the researcher
Suitable for long-term self-monitoring of sedentary and stepping
behavior by the user
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constitute stepping are weighted towards upright (quiet
standing). If no stepping is identified before a significant static
acceleration change, the container is reassigned as sedentary.
This algorithm is summarized in Figure 2.
Validation of stepping and sitting/upright time
algorithms in free-living conditions. Once algorithms
for detection of sitting versus upright time and step counts
with the SitFIT were fully developed, we sought to validate
their accuracy under real-world free-living conditions by
comparing sitting time and step count outputs from the
SitFIT with those from the activPAL, which was assumed to
provide criterion standard measures of sitting time and step
counts, over several days. To do this, we asked 21 men, age
30 to 65 yr, with body mass index of 26.6 T 3.9 kgImj2 who
were willing to wear trousers with front pockets and had no
contraindications to engaging in physical activity (as assessed
by the Physical Activity Readiness Questionnaire) to each
concurrently wear a SitFIT device in a front trouser pocket and
an activPAL accelerometer attached to their thigh for up to 7 d.
This participant group was chosen as the first intended use of
the SitFIT was in the EuroFIT study which was a randomized
controlled trial designed to increase physical activity and re-
duce sedentary behavior in overweight and obese middle-age
male soccer fans (23). Participants were recruited via email
invitation or word-of-mouth and were primarily employees of
the University of Edinburgh. All provided written informed
consent, and the study was approved by the Research Ethics
Committee of the Moray House School of Education,
University of Edinburgh.
Participants were instructed to affix an activPAL activity
monitor (model activPAL3; PAL Technologies, Glasgow,
UK) to the front of their thigh using a surgical dressing for
24 hIdj1 for 7 d. Over the same period, they were asked to
carry a SitFIT device in their front trouser pocket during all
waking hours, putting the device on as soon as they woke in
the morning and removing it before they went to bed at
night. Valid data were obtained for 7 d in 18 participants, 8 d
in one participant, 6 d in one participant, and 5 d in one
participant, providing a total of 145 valid days where SitFIT
and activPAL data could be compared.
Data were processed using proprietary software developed
by PALTechnologies, which summarized data in 5-min epochs
throughout the day, quantifying the duration of time spent sit-
ting (or lying), standing, stepping, and of non-wear, as well as
the number of steps taken, in each epoch for both the activPAL
and SitFIT devices. The software automatically detected pe-
riods of non-wear, using the algorithms described above, and
data were cleaned to remove periods identified as non-wear for
either device. Thus, data analysis only included the waking
periods where both devices were worn: this step was necessary
to ensure comparability of SitFIT and activPAL data, because
SitFIT devices were removed at night. To determine whether it
was necessary to account for nesting of multiple observation
days per participant in our analysis, we explored the effect of
including a term for ‘‘participant’’ in analysis of the linear re-
gression between SitFIT and ActivPAL outputs for step count
and sedentary time, andwhen comparing themean difference in
outputs between the two devices. This had no material effect on
the findings (e.g., r2 for the correlation between SitFIT and
ActivPAL sedentary time measurements was 0.7007 when all
data points were considered independent and 0.7010 taking
nesting into account. For step count, r2 was 0.9608 when all
data points were considered independent and 0.9610 account-
ing for nesting). We therefore took the parsimonious approach
of considering the each of the 145 observation days as inde-
pendent data points in our data analysis. Cumulative sitting
time and cumulative step count throughout each day was cal-
culated for the SitFIT and activPAL devices for each of the
145 d, and mean T SD values reported graphically. Mean
(T SD) values for the difference in cumulative sitting time and
step count were also shown in graphical form. Mean absolute
errors for cumulative sitting time and step count were calculated
as the mean of the absolute differences between SitFIT and
ActivPALmeasurements (i.e., ignoring the direction of error for
each individual measurement). A Bland and Altman limits of
agreement approachwas used to ascertain bias and variability in
the SitFIT measures of sitting time and step counts compared
with the activPAL (26). The relationships between daily sitting
time and step count outputs between activPAL and SitFIT
were assessed by plotting scatter graphs and assessing Pearson
correlations (r) between the two measures and proximity of
the relationship to the line of equality (y = x).
RESULTS
Over the 145 measurement days, mean (T SD) daily wear
time for the SitFIT was 16.1 T 4.2 h and for the ActivPAL
was 22.9 T 3.0 h. The median time for putting on the SitFIT
in the morning was 07:35; the median time for removing it
in the evening was 22:55. Comparisons between the SitFIT
and ActivPAL for step-counts and sedentary time were
made over the period when both devices were worn on each
day. Figure 3A shows mean cumulative step count values
over the 145 d measured using SitFIT and activPAL devices
with the mean T SD for differences in cumulative step counts
between the two devices over the course of the day. Throughout
the day, differences in cumulative step count between the de-
vices were small, with no clear bias in either a positive or
negative direction. Mean (T SD) daily step counts for the two
devices over the 145 observation periods are shown in Table 1.
Figure 3B shows a Bland–Altman plot of the mean difference
and 95% limits of agreement for 24-h step counts between
SitFIT and ActivPAL devices, with values summarized in
Table 2. Overall, mean step counts were approximately 4%
lower with the SitFIT than ActivPAL, with the 95% limits of
agreement for step counts between the devices ranging from
j2667 to +1817 steps per day. Mean absolute error in step
count for the SitFIT compared with the ActivPAL was 826
steps per day. Step counts between the two devices differed by
less than 1000 steps per day on 69% (100 of 145) of days and
by less than 2000 steps on 94% (137/145) of days. Pearson
correlation between step counts for the two methods was very
http://www.acsm-msse.org528 Official Journal of the American College of Sports Medicine
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high (r = 0.98, r2 = 0.96), with no obvious bias from the line of
equality (equation of regression line, y = 1.0035x + 418.35)
(Fig. 3C).
Figure 4A shows mean cumulative sedentary time values
over the 145 d measured using SitFIT and activPAL devices
with the mean and standard deviation for differences in cu-
mulative sedentary time between the two devices. Over the
course of the day, there was no clear bias in sedentary time
between the two devices: mean (TSD) daily values for sed-
entary time for the SitFIT and activPAL are shown in Table 2.
A Bland–Altman plot of the mean difference and 95% limits
of agreement for sedentary time are shown in Figure 4B, with
values summarized in Table 2. Overall, mean sedentary time
was approximately 5% higher with the SitFIT than activPAL,
with 95% limits of agreement ranging from j159 min to
+180 minIdj1. Mean absolute error in sedentary time for the
SitFIT compared with the ActivPAL was 66 minIdj1. Seden-
tary time measures between the two devices differed by less
than 60 min on 61% (89/145) and by less than 120 min on
86% (125/145) of days. Correlation between upright time for
the two methods was high (r = 0.84, r2 = 0.70), although lower
than observed for step count, with the equation of the regres-
sion line being close to the line of equality (y = 0.8728x +
38.445) (Fig. 4C).
DISCUSSION
The aim of this article was to describe the development
and validation of the SitFIT—a novel pocket-worn device to
measure and provide real-time feedback on sedentary behav-
ior and stepping activities. Although the SitFIT was initially
designed for use in the EuroFIT trial (23), it can be used as
a monitoring tool for sedentary behavior and stepping in
widespread settings. Novel algorithms were developed to
detect sitting and upright postures, which accounted for
changes in device orientation within the pocket, and the
accuracy of the SitFIT for measurement of step counts and
sedentary behavior was assessed under free-living condi-
tions. Our data revealed that the SitFIT had excellent va-
lidity for counting steps, with a mean difference in step
counts between SitFIT and activPAL devices of approximately
4%, a correlation coefficient for step counts between the two
devices of 0.98, and daily step counts differing between the two
devices by less than 2000 steps on 94% of measurement days.
Previous studies have reported that the most accurate com-
mercially available pedometers have a 95% confidence interval
for free-living 24-h step counts of approximately T3000 to 4000
steps per day compared with a criterion measure and suggested
that devices with mean differences in step counts within T10%
of the criterion measure have acceptable validity (27,28). More
recently, correlation coefficients with criterion measures for
TABLE 2. Comparison of ActivPAL and SitFIT derived measures of step counts and sedentary time over one hundred forty-five 24-h observation periods.
ActivPAL
(mean T SD)
SitFIT
(mean T SD)
Difference (SitFIT minus ActivPAL)
(mean (95% Limits of Agreement))
Correlation
Coefficient (r)
Step count (steps per day) 10,250 T 5571 9797 T 5579 j452 (j2669 to 1762) 0.98
Sedentary time (minIdj1) 462 T 166 485 T 159 23 (j159 to 180) 0.84
Limits of agreement expressed as the mean difference T 1.96  SD.
FIGURE 3—(Panel A) Cumulative step counts and differences in cumu-
lative step counts over the course of the day measured using the SitFIT and
activPAL devices.N = 145, values are mean for step counts for each device
and mean T SD for the difference in step count. (Panel B) Scatterplot
showing the relationship between daily step counts measured using SitFIT
and activPAL devices. Solid line is line of best fit; dotted line is line of
equality; N = 145. (Panel C) Bland–Altman plot of difference in step counts
between SitFIT and activPAL devices against ActivPAL (criterion stan-
dard) step counts. N = 145, central dotted line represents mean difference
between devices; outer dotted lines represent 95% limits of agreement.
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24-h steps counts for commercially available wearable activity
monitors have been reported in the range of 0.94 to 0.99 with
95% confidence intervals for the difference in 24-h step counts
typically within approximately T1000 to 3000 steps per day
(29). Thus, overall, these data indicate that the SitFIT device
has excellent validity for measuring step counts under free-
living conditions which is at least as good as other devices on
the market.
Although there are a number of acceptable options avail-
able which monitor and provide feedback on indices of
physical activity, such as step counts, devices which provide
real-time feedback on sedentary behavior are more limited.
The activPAL is generally regarded as the criterion standard
device for the measurement of sedentary behavior (24,25):
one version of this device—the activPAL VT (http://www.
paltechnologies.com/products/)—provides vibrotactile feed-
back to the wearer when they have sat continuously for 15 or
30 min to provide information and a prompt to stand up. The
SitFIT builds on activPAL VT in two important ways. First,
its pocket location is more amenable to long-term wear than
having a device affixed to the front of the thigh, and second, it
has a display which provides real-time feedback on step count and
time spent sitting (or upright)—analogous to a pedometer—which
can thus be used to work toward daily targets. The LUMOback
activity tracker (LUMO Bodytech, Mountain View, CA)—a
device worn as a belt around the waist which is synced to a
smartphone to provide feedback on sitting, standing, and
stepping—was used in one randomized controlled trial as an
intervention tool to facilitate reductions in sitting time amongst
office workers (30). However, this device, which was originally
developed as a posture monitor, has now been discontinued by
the manufacturer, and its replacement, the Lumo Lift, with its
placement near the collarbone is not suitable for objective
monitoring of sitting behavior (http://www.lumobodytech.
com/lumo-back/, accessed 14.03.17). Most other devices
purporting to provide feedback on sedentary behavior to the
user do so by equating sedentary time as a lack of dynamic
movement, rather than by measurement of a sitting posture
(21,22), and therefore do not provide a direct measurement
of sedentary behavior in line with the Sedentary Behavior
Research Network definition (1). This has potentially im-
portant implications, as these other devices would record a pe-
riod of quiet standing as being sedentary, and there is increasing
evidence that breaking up sitting with periods of quiet standing
can produce metabolic benefits (13–15,31). Thus, such devices
would not be able to provide effective feedback on a standing
desk intervention, for example. Therefore, there is a clear need
for a simple device that can provide users with feedback on
sitting behavior, and the SitFIT addresses this gap.
The accuracy of the SitFIT for measurement of time spent
sitting was also very good. Mean sedentary time as mea-
sured by the SitFIT and activPAL differed by approximately
5%, with a correlation coefficient between the two measures
of 0.84. This compares favourably with validation of the
LUMOback against the activPAL which reported a mean
difference of 9.5% between the two devices for measure-
ment of sedentary behavior over a 24-h cycle (22). The
difference in daily sitting time between the SitFIT and
activPAL was less than 60 min on 61% of day and less than
120 min on 86% of days. Other devices use an acceleration-
based, rather than posture-based, approach to estimate time
spent sedentary (21,22) and thus cannot distinguish between
sitting and quiet standing. When such devices are validated
against the activPAL, their accuracy in determining sedentary
FIGURE 4—(Panel A) Cumulative sedentary time and differences in
cumulative sedentary time over the course of the day measured using
the SitFIT and activPAL devices. N = 145, values are mean for seden-
tary time for each device and mean T SD for the difference in step count
sedentary time. (Panel B) Scatterplot showing the relationship between
daily sedentary time measured using SitFIT and activPAL devices.
Solid line is line of best fit; dotted line is line of equality; N = 145. (Panel
C) Bland–Altman plot of difference in sedentary time between SitFIT
and activPAL devices against ActivPAL (criterion standard) sedentary
time. N = 145, central dotted line represents mean difference between
devices; outer dotted lines represent 95% limits of agreement.
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behavior is considerably poorer (22), which limits their po-
tential for use in intervention aimed at reducing sitting time. It
is of note that the accuracy of the SitFIT in measuring step
counts was somewhat higher than its accuracy in determining
time spent sitting. This is understandable given the greater
technical challenges associated with quantification of sitting
time compared with quantification of step count. The pocket
location of the SitFIT has a number of advantages with respect
to long-term usability: it can be carried inconspicuously, it is
not directly attached to the skin (as the activPAL is) and is
easily accessible for the provision of feedback to the user.
However, as the SitFIT is free to move and change orientation
in the pocket, the technical challenge of detecting posture al-
location (sitting vs upright) is substantially greater than for the
detection of steps; this contrasts with the criterion standard
activPAL where the location and orientation of the device on
the thigh is constant. To address this problem, an algorithm
was developed to account for the random orientation of SitFIT
in the pocket, as described in the methods. In this context, we
feel that the validity of this algorithm, assessed here under
real-world free-living conditions, for detection of sitting and
upright time (the latter simply being wear time minus sitting
time) is excellent and certainly acceptable for use as a tool to
provide users with feedback on sedentary behavior in behavior
change intervention programs.
This study provides an important first step in validating
the SitFIT but further work is needed to validate the device
in groups of users other than middle-age men and to provide
construct as well as criterion validity for the device. There are
also some limitations with the SitFIT which need to be con-
sidered. Firstly, as the device is pocket-worn, it may not be
suitable for use for people who do not usually wear trousers
with front pockets. To address this issue, a new device called
the Activator, which is based on the same sensing platform as
the SitFIT, but can be attached to clothing or worn discretely
on the thigh using an integrated elastic loop (in addition to the
option of being pocket-worn), is currently being developed by
PAL Technologies. Second, although the accuracy of the SitFIT
for measurement of sedentary behavior is acceptable for provid-
ing user feedback in the context of a behavior change interven-
tion, it is not equivalent to the ActivPAL in this context, so for
measurement of sedentary behavior as a research outcome, it
should not be considered to be an ActivPAL replacement.
For the output display on the SitFIT, we deliberately chose
to provide users with simple, actionable, feedback with the
aim of facilitating behavior change. Pedometers, which pro-
vide a simple output of step count, are effective at increasing
physical activity (17–19): with the SitFIT, we sought to pro-
vide an additional simple summary measure of sedentary time
which could be used for goal setting and feedback. Further
work is needed to validate the device for other outputs, such
as number of sit-to-stand transitions, which have been shown
to be associated with metabolic outcomes (15,32) and are a
viable target for a sedentary behavior change intervention.
In addition, further work is needed to develop and validate
outputs related to intensity of physical activity, in addition
to total step count, for the SitFIT. Increasing the number
and complexity of data outputs would necessarily compli-
cate the output display, and end-user input would be
needed to develop the best ways of visualizing such data
outputs for the user. Trials would also be needed to deter-
mine whether provision of more detailed feedback beyond
step count and total sedentary time would lead to greater
behavior change.
In conclusion, the SitFIT—a novel device to monitor and pro-
vide real-time feedback of stepping and sedentary behavior—has
excellent validity for the measurement of step counts and sitting
and upright time. Although there are a number of devices
available which can provide feedback to the user on step
counts, there is a lack of devices available which can provide
feedback on time spent sitting and being upright. Thus, the
SitFIT addresses a clear need for a device that can be used as a
tool to provide feedback to the user on sedentary behavior to
facilitate behavior change. As such, the SitFIT can be con-
sidered to be a complementary device to the ActivPAL, which
remains the criterion standard device for measurement of
sedentary behavior as a research outcome. Randomized con-
trolled trials—such as the EuroFIT study (23)—are now
needed to determine the effectiveness of such technology-
supported approaches for eliciting long-term sedentary be-
havior change.
The EuroFIT study [see http://eurofitfp7.eu] is funded by the
European Union’s Seventh Framework Program (FP7) for research
technological development and demonstration under Grant Agreement
no: 602170. PAL Technologies Ltd is manufacturer of the activPAL and
SitFIT and is a partner in EuroFIT. Douglas Maxwell, Nikos Mourselas
and David Loudon work for PAL Technologies Ltd.
All other authors declare that they have no competing interests.
The results of the study do not constitute endorsement by the
American College of Sports Medicine.
REFERENCES
1. Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior Re-
search Network (SBRN)—Terminology Consensus Project process
and outcome. Int J Behav Nutr Phys Act. 2017;14(1):75.
2. Chau JY, Grunseit AC, Chey T, et al. Daily sitting time and all-
cause mortality: a meta-analysis. PLoS One. 2013;8(11):e80000.
3. Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and its as-
sociation with risk for disease incidence, mortality, and hospitali-
zation in adults: a systematic review and meta-analysis. Ann Intern
Med. 2015;162(2):123–32.
4. Edwardson CL, Gorely T, Davies MJ, et al. Association of sed-
entary behaviour with metabolic syndrome: a meta-analysis. PLoS
One. 2012;7(4):e34916.
5. Wilmot EG, Edwardson CL, Achana FA, et al. Sedentary time in
adults and the association with diabetes, cardiovascular disease
and death: systematic review and meta-analysis. Diabetologia.
2012;55(11):2895–905.
6. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary be-
haviors and subsequent health outcomes in adults a systematic
VALIDATION OF THE SitFIT Medicine & Science in Sports & Exercised 531
A
PPLIED
SC
IEN
C
ES
review of longitudinal studies, 1996-2011. Am J Prev Med.
2011;41(2):207–15.
7. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N.
Sedentary time and cardio-metabolic biomarkers in US adults:
NHANES 2003-06. Eur Heart J. 2011;32(5):590–7.
8. Ekelund U, Steene-Johannessen J, Brown WJ, et al. Does physical ac-
tivity attenuate, or even eliminate, the detrimental association of sitting
time with mortality? A harmonised meta-analysis of data from more
than 1 million men and women. Lancet. 2016;388(10051):1302–10.
9. Dunstan DW, Kingwell BA, Larsen R, et al. Breaking up prolonged
sitting reduces postprandial glucose and insulin responses. Diabetes
Care. 2012;35(5):976–83.
10. Miyashita M, Burns SF, Stensel DJ. Accumulating short bouts of
brisk walking reduces postprandial plasma triacylglycerol con-
centrations and resting blood pressure in healthy young men. Am J
Clin Nutr. 2008;88(5):1225–31.
11. Larsen RN, Kingwell BA, Robinson C, et al. Breaking up of
prolonged sitting over three days sustains, but does not enhance,
lowering of postprandial plasma glucose and insulin in overweight
and obese adults. Clin Sci (Lond). 2015;129(2):117–27.
12. Peddie MC, Bone JL, Rehrer NJ, Skeaff CM, Gray AR, Perry TL.
Breaking prolonged sitting reduces postprandial glycemia in healthy,
normal-weight adults: a randomized crossover trial. Am J Clin Nutr.
2013;98(2):358–66.
13. Henson J, Davies MJ, Bodicoat DH, et al. Breaking up prolonged
sitting with standing or walking attenuates the postprandial meta-
bolic response in postmenopausal women: a randomized acute study.
Diabetes Care. 2016;39(1):130–8.
14. Thorp AA, Kingwell BA, Sethi P, Hammond L, Owen N, Dunstan
DW. Alternating bouts of sitting and standing attenuate post-
prandial glucose responses.Med Sci Sports Exerc. 2014;46(11):2053–61.
15. Hawari NS, Al-Shayji I, Wilson J, Gill JM. Frequency of breaks in
sedentary time and postprandial metabolic responses.Med Sci Sports
Exerc. 2016;48(12):2495–502.
16. Martin A, Fitzsimons C, Jepson R, et al. Interventions with po-
tential to reduce sedentary time in adults: systematic review and
meta-analysis. Br J Sports Med. 2015;49(16):1056–63.
17. Bravata DM, Smith-Spangler C, Sundaram V, et al. Using pedom-
eters to increase physical activity and improve health: a systematic
review. JAMA. 2007;298(19):2296–304.
18. Qiu S, Cai X, Chen X, Yang B, Sun Z. Step counter use in type 2
diabetes: a meta-analysis of randomized controlled trials. BMC
Med. 2014;12:36.
19. Richardson CR, Newton TL, Abraham JJ, Sen A, Jimbo M, Swartz
AM. A meta-analysis of pedometer-based walking interventions
and weight loss. Ann Fam Med. 2008;6(1):69–77.
20. Hunt K, McCann C, Gray CM, Mutrie N, Wyke S. ‘‘You_ve got to
walk before you run’’: positive evaluations of a walking program
as part of a gender-sensitized, weight-management program de-
livered to men through professional football clubs. Health Psychol.
2013;32(1):57–65.
21. Sanders JP, Loveday A, Pearson N, et al. Devices for self-monitoring
sedentary time or physical activity: a scoping review. J Med Internet
Res. 2016;18(5):e90.
22. Rosenberger ME, Buman MP, Haskell WL, McConnell MV,
Carstensen LL. Twenty-four hours of sleep, sedentary behavior,
and physical activity with nine wearable devices. Med Sci Sports
Exerc. 2016;48(3):457–65.
23. van Nassau F, van der Ploeg HP, Abrahamsen F, et al. Study
protocol of European Fans in Training (EuroFIT): a four-country
randomised controlled trial of a lifestyle program for men deliv-
ered in elite football clubs. BMC Public Health. 2016;16:598.
24. van Nassau F, Chau JY, Lakerveld J, Bauman AE, van der Ploeg
HP. Validity and responsiveness of four measures of occupational
sitting and standing. Int J Behav Nutr Phys Act. 2015;12:144.
25. Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a
novel activity monitor in the measurement of posture and motion
during everyday activities. Br J Sports Med. 2006;40(12):992–7.
26. Bland JM, Altman DG. Measuring agreement in method compar-
ison studies. Stat Methods Med Res. 1999;8(2):135–60.
27. Schneider PL, Crouter S, Bassett DR. Pedometer measures of free-
living physical activity: comparison of 13 models. Med Sci Sports
Exerc. 2004;36(2):331–5.
28. Lee JA, Williams SM, Brown DD, Laurson KR. Concurrent
validation of the Actigraph gt3x+, Polar Active accelerometer,
Omron HJ-720 and Yamax Digiwalker SW-701 pedometer
step counts in lab-based and free-living settings. J Sports Sci.
2015;33(10):991–1000.
29. Ferguson T, Rowlands AV, Olds T, Maher C. The validity of
consumer-level, activity monitors in healthy adults worn in free-
living conditions: a cross-sectional study. Int J Behav Nutr Phys
Act. 2015;12:42.
30. Brakenridge CL, Fjeldsoe BS, Young DC, et al. Evaluating the
effectiveness of organisational-level strategies with or without an
activity tracker to reduce office workers_ sitting time: a cluster-
randomised trial. Int J Behav Nutr Phys Act. 2016;13(1):115.
31. Buckley JP, Mellor DD, Morris M, Joseph F. Standing-based of-
fice work shows encouraging signs of attenuating post-prandial
glycaemic excursion. Occup Environ Med. 2014;71(2):109–11.
32. Healy GN, Dunstan DW, Salmon J, et al. Breaks in sedentary
time: beneficial associations with metabolic risk. Diabetes Care.
2008;31(4):661–6.
http://www.acsm-msse.org532 Official Journal of the American College of Sports Medicine
A
PP
LI
ED
SC
IE
N
C
ES
